A B S T R A m . IIuman parotid glands from 55 forensic autopsy subjects, 1-12 mo of age, were examined by immunohistochemistry without knowledge about the cause of death. Various combinations of monoclonal or ~o l~c l o n a l antibody reagents of the following specificities wcre applied in two-color immunofluorescence analvses: IILA class I or I1 (DR, DP, or DQ); pan-T cell (~~3 j ; leukocyte common antigen (CD45); and secretory component (poly-lg receptor). Sudden infant death syndrome victims (n = 17) were shown to have significantly increased numbers of CD45+ stromal leukocytes and intensified epithelial expression of IILA-DR and secretory component a s well as increased endothelial espression of both IILA class I and I1 (DR, DP, and DQ) determinants compared with controls (n = 31) who had died from noninfectious causes. Seven overtly infectious subjects (bronchopneumonia) showed still more up-regulated espression. This result suggested that enhanced stimulation of the local immune system exists in sudden infant death syndrome, with release of certain cytokines that are known to up-regulate epithelial expression of IILA-DR and secretory component. (Pediatr Res 35: 625-628, 1994) Abbreviations Chi\', cytomegalovirus SC, secretory component or poly-lg receptor SIDS, sudden infant death syndrome SIDS is the main cause of death between the ages 28 d and 12 m o in industrialized countries. Its etiology and pathogenesis remain unknown, but interest has recently been focused on the respiratory system ( 1 , 2). SIDS is more common in colder climates, and its incidence seems related to ainvays infections (3). Many SlDS victims apparently suffer from mild upper respiratory tract infection with various viruses shortly before death (4). Characterization of the responsive state of the mucosal immune system is therefore needed.
We have shown that local Ig production is increased in the major salivary glands of SIDS victims (5) . This 
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siveness of salivary IgA compared with that of other children (6). Here we report that the stromal density of CD45' leukocytes and the endothelial expression of both HLA class I and class I1 (DR, DP, and DQ) determinants, as well as the epithelial expression of HLA-DR determinants and SC (poly-lg receptor), are increased in parotid glands from SlDS victims compared with noninfectious controls. Taken together with our recent observations from tracheal and gut mucosa (7) and previous data from the lungs (8), these findings suggest that the mucosal immune system of the upper respiratory and digestive tracts is overstimulated in SIDS victims compared with the situation in normal infants.
MATERIALS A N D METHODS
Tisslrc spccirirrtrs. Parotid glands from 17 infants ( 12 males and five females; median age, 4 mo; range, I to 10 mo) who died of SIDS were compared with parotid glands from 31 infants (19 males and 12 females; median age, 4 mo; range, 1 to l l mo) who died of causes judged to be noninfectious [congenital heart disease (tr = 12). other malformations (tr = 4), anoxic cerebral damage ( t~ = 4), brain tumor (tr = 3). atelectasis of the lungs (n = 2), drowning (tr = I), trauma (tr = I), and other complex causes (tr = 4)]. The SlDS victims were also compared with seven infants who died of bronchopneumonia (five males and two females; median age, 3 mo; range, 1 to 12 mo). The median time from death to autopsy was 30 h, and the bodies were kept at 6°C. Tissue specimens excised as thin slices (less than 2 m m thick) were immediately fixed in cold 96% ethanol and embedded in paraffin (9) . I~)rt)~~rnohisrochcinisrr!~. Serial parafin sections cut at 6 pm were dewaxed and incubated for 20 h at room temperature with various pairs of monoclonal and polyclonal antibody reagents (Table I) . Reagent specific for factor VIII-related antigen (10) (rabbit antiserum, 1:350; Dako Corporation, Carpinteria, CA), epidermal cytokeratin ( I I) (rabbit antiserum, 1: 100: authors' laboratory), or SC (rhodamine-labeled sheep IgG conjugate, 0.64 g/L) (12) was applied together with a murine MAb with use of a three-step biotinlavidin-enhanced two-color immunofluorescence method (I 3). T o avoid diffusion artifacts, the SC staining was based on a 30-min incubation period and the sections were postfixed in 96% ethanol for 10 min (12) before the MAb to HLA-DR was applied for 20 h. Staining for factor VIII-related antigen and cytokeratin was used to delineate vessels (endothelium) and epithelial elements, respectively. The stromal density of CD45' leukocytes and CD3' T cells, the epithelial expression of SC, and the epithelial and endothelial expression of HLA class I and I1 determinants were subjected to systematic evaluation on a semiquantitative basis (see below).
626 THRANE E T .4L. It?~ttzut~ohistoch~~t~~icalp~~~~rtt~at~ce contro1.s. For negative controls, the MAb was replaced by murine ascitic fluid of comparable dilution or BSA in the indirect immunofluorescence method. The specificity of the anti-SC conjugate was ascertained previously (12). The same investigator (P.S.T.) was responsible for the evaluation of staining reactions throughout the study without knowledge as to whether the sections represented SIDS victims or controls. Six weeks after the first scoring, some sections (11 = 30) were reevaluated; no systematic difference between the two series of observations was seen ( r = 0.98). Results obtained independently by two observers (P.S.T. and T.O.R.) in 40 sections were also well correlated ( r = 0.97).
Evallratiotl of histology a n d CAI V incllrsions. A formalin-fixed tissue section of the parotid gland from each of the 55 subjects was stained with hematoxylin and eosin and evaluated histologically as well as examined for CMV inclusions.
RESULTS
The SIDS victims showed a significantly increased density of CD45+ leukocytes in their parotid glands compared with the noninfectious controls (Fig. I) , and the number of T cells (CD3') tended to be increased in SIDS victims ( p < 0.09). Both the CD45' leukocytes and the T cells were generally distributed diffusely in the glandular stroma, often spatially related to epithelial elements. Endothelial expression of both HLA class I1 (DP and DQ) and class I determinants was also significantly increased in the parotid glands from SlDS victims compared with the normal control glands (Fig. 2) . Moreover, the epithelial expression of HLA-DR and SC was significantly increased in the SIDS victims (Fig. 3) , but this was not so for D P ( p = 0.5) and DQ (1) = 0.5).
Seven overtly infectious subjects (bronchopneumonia) showed a still more up-regulated parotid response pattern than the SlDS victims (Figs. 1-3 tious subjects. Some of the immunofluorescence staining results are illustrated in Figure 4 .
Inclusions of CMV were observed in parotid tissue from only one of the SlDS victims and in one noninfectious control specimen. On the basis of routine histologic examination. there was n o evidence of increased leukocyte infiltration in the salivary glands from noninfectious controls or SlDS victims. Conversely, five of the seven infectious subjects seemed to contain more leukocytes scattered throughout the glandular stroma.
DISCUSSION
Parotid glands of SIDS victims contained an increased density of CD45+ leukocytes and showed increased epithelial expression of HLA-DR and SC c o m~a r e d with babies dving of noninfectious causes. The latter finding suggested that thesccktory epithelium in SIDS was under influence of cytokines such as interferon-?, tumor necrosis factor-a, and IL-4, all of which are known to have such immune-modulating properties (14) (15) (16) (17) (18) . No difference was observed between SIDS victims and noninfectious controls with regard to epithelial expression of HLA-DP and HLA-DQ; this could perhaps be explained by the relatively small numbcr of T cells and other leukocytes present in their parotid glands. Thus, expression of HLA-DP and HLA-DQ has been shown to require a stronger cytokine stimulus than that of HLA-DR in the HT-29 colonic carcinoma cell line (15). This possibility was further supported by the significantly increased epithelial HLA-D P and HLA-DQ expression seen in infectious subjects compared with parotid glands from SlDS victims and noninfectious controls. Also, the endothelial expression of both HLA class I and I1 determinants was increased in the infectious subjects as well as in the SIDS victims compared with the noninfectious controls. This would also be in keeping with local release of interferon-? and tumor necrosis factor-tu, which are known to be potent inducers of endothelial HLA expression (19, 20) .
Taken together with our previous observations showing that the same SlDS victims had increased numbers of Ig-producing plasma cells in their parotid glands ( 5 ) , it seems justified to conclude that this condition is associated with a marked local immune response. Such immunologic overstimulation in SlDS is most likely caused by environmental factors. inasmuch as we observed even more striking signs of up-regulation of the same immune markers in seven infants who died of bronchopneumonia. It is of interest in this context that epithelial expression of HLA-DR in fetal lungs recently was shown to be strongly enhanced by lung infection contracted it1 zrtcJro (2 1). Our findings are in accord with the reported HLA class I1 expression on (8) have demonstrated increased concentrations of IgG and IgM (and to a lesser extent IgA) in lung lavage fluid and lung tissue from SlDS victims, and we have found increased numbers of IgMproducing cells in the tracheal wall as well as IgA-producing cells in gut mucosa of SIDS victims (7). Our results collectively contradict an early report suggesting deficiency of the secretory immune system as an underlying mechanism in SIDS (23).
Previous reports on CMV inclusions in parotid glands from SlDS victims (24, 25) are interesting in light of the observed immunostimulation taking place in their salivary glands. SlDS victims with CMV inclusions also have glial nodules in their brainstems, pcrhaps directly related to their sudden death (25) . However, CMV infection in SIDS has been reported to be rare (26). Our finding that only one of 17 SlDS victims had overt CMV inclusions tends to support the latter report. although more precise methods for virus detection are obviously needed. Bccause the presence of CMV cannot explain the observed immu-THRANE nologic overstimulation in parotid glands from SlDS victims, other viruses (4) may be responsible.
In conclusion, this study provides additional evidence for overstimulation of the local immune system in SIDS victims. The significance of this finding with regard to the etiology and pathogenesis of SIDS remains uncertain, but it may be an important step in a possible trigger mechanism as discussed elsewhere (27) .
